Using in situ hybridization, we investigated the expression of mRNA for interleukin-1fl (ILlp), interleukin-6 (U), and transforming growth factor-6-1 (TGF61) in sections of developing bone in human osteophytes. The expression was related to the cellular activity of alkaline phosphatase to aid in the identification of pre-osteoblast populations. ILl6 mRNAwaslocalizedinactiveosteoblastswi~distinctareas of intramembranous ossifcation. However, the expression was sporadic and appeared to occur at a specific stage of the osteoblast life cycle. There was no ILlfl mRNA expression in any cell types during endochondral ossification. IL6 mRNA expression was located within pie-osteoblasts and in newly differentiated and matrix-secreting osteoblasts: expression was absent or reduced in flattened, inactive osteoblasts. W e a k or no IL6 expression was observed in chondmblasts and chon-drocyte~, respectively. However, there was a close association between IL6 mRNA expression and the differentiation of mesenchymal cells into osteoblasts. TGF61 expression was localized to osteoblasts apposed to bone or cartilage matrix; the intensity of expression correlated with matrix secretion. Chondmblasts and chondrocytes expressed lower but sign& cant levels of TGF6l "A;
Introduction
It has been suggested that a central role of cytokines is to control the modeling and remodeling of tissues, be it developmentally programmed, constitutive, or unscheduled (1) . Perhaps the most actively remodeling tissue in the body is bone, where remodeling occurs as a series of coordinated events involving many cell types. Information regarding the role of cytokines in the regulation of bone cells has been obtained largely from studies of animal and human osteoblast-and osteoclast-like cells in vitro (2) . This approach has a number of limitations, including the relevance of cell function and behavior in vitro compared with its regulation in vivo, together with the discrepancies observed between human and animal systems. Despite the mass of data that have accumulated describing the effects of all major classes of cytokines on bone cell function in vitro and in vivo and,the evidence that cells from bone can produce cytokines in tissue culture (2), their precise role in vivo is not known.
Evidence suggests that cytokines may be important paracrine and autocrine regulators of bone development and turnover. Data have accumulated describing the effects of all major classes of cytokines on bone cell function in vitro and in vivo, and recently these have been extensively reviewed (2) . Although multifunctional in bone as in other organs, the cytokines studied appear to either be predominantly anabolic or catabolic. Thus, interleukin-1 (ILla and fl) is a powerful and potent inducer of bone resorption (3), and transforming growth factor-6 (TGFP) induces osteoblast activity in vitro (4,5) and bone formation in vivo (6,7). IL1 has inhibitory effects on the differentiated function of osteoblasts in vitro (8, 9) but is also a potent mitogen for human osteoblast precursors (10,ll) . E F f l has been reported to both inhibit and stimulate bone resorption (12). Interleukin-6 (IL6) has been reported to have contradictory effects on bone resorption and osteoblast function (13) (14) (15) (16) (17) .
Overall, it appears that IL6 may influence bone resorption by a stimulatory effect on hematopoietic progenitors, which in the correct microenvironment could differentiate along the osteoclast lineage (18) .
There is also evidence that cells in bone can produce cytokines (2) . Studies on human osteoblasts in vitro have demonstrated production of ILlp (19) , IL6 (20) , and TGFPl(21) . The regulation of production of these cytokines in vitro by osteotropic agents has also been investigated. Labile cytokines released in an active form, such as IL1 and IL6, are produced constitutively at very low or un-DODDS, MERRY, ISITLEWOOD, GOWEN detectable levels, but their expression is elevated by cytokines such as IL1 (20, 21) . Their production is unaffected by the osteotropic hormones 1.25 (0H)z vitamin D3, parathyroid hormone (PTH), or calcitonin. In contrast, TGFj31, a cytokine released in a latent form and known to be sequestered into extracellular matrices, is not regulated by cytokines such as IL1 but is induced by 1,25 (0H)z vitamin D3, PTH, and estrogen (21) . This different pattern of regulation may reflect different roles for these cytokines in bone metabolism.
If cytokines regulate bone cell function and bone development, they must be produced locally and at the appropriate phase of activity. The demonstration of discrete cell-specific patterns of cytokine expression at various stages of bone development in situ would provide evidence for the role of these cytokines in bone development and turnover. However, no data have presented in the literature to date documenting the expression in situ of ILlP and IL6 in bone and bone-related cells within sections of modeling human or animal bone tissue. In contrast, immunocytochemical and in situ hybridization studies within developing human fetal bone (22), developing mouse embryo (23,24) and endochondral bone formation induced by implantation of demineralized bone matrix in postnatal rats (25) suggest that TGFpl plays an important role in the regulation of ossification during both endochondral and inuamembranous bone development. We have therefore used in situ hybridization techniques coupled to in situ biochemistry to study the expression in bone of three representative cytokines of considerable interest to bone biology. The expression of mRNA for IL@, IL6, and TGFfJl has been examined in osteogenic and chondrogenic cells in cryostat sections of developing human bone; their expression has been related to the expression of alkaline phosphatase, an enzyme strongly associated with bone formation and mineralization (26, 27) . The bone used in this study was derived from osteophytes taken from femoral heads of individuals undergoing arthroplasty for osteoarthritis. This tissue provides an excellent model system for study of all the stages of human bone turnover and remodeling and develops by the process of intramembranous and endochondral ossification within reparative mesenchymal connective tissue (28-3 3) .
Our studies suggest that cytokines produced locally by chondrocytes and osteoblasts play a role in the development and remodeling of bone and cartilage. TGFPl mRNA expression was closely related to both bone and cartilage formation. IL6 expression was correlated with osteoblast differentiation from mesenchymal precursors, as well as matrix formation. ILlP was present during osteoblast proliferation only at sites of intramembranous bone formation. This is suggestive of different control mechanisms operating in intramembranous and endochondral bone development. The pattern of cytokine localization and the temporal expression observed indicate an important role for these agents in the control and regulation of bone cell differentiation and function.
Materials and Methods
Tissue Pmcessing. Developing osteophytes were dissected from the femoral heads removed from patients undergoing hip arthroplasty for osteoarthritis. This study analyzed the osteophytic bone that developed within the invasive connective tissue covering areas of denuded bone on the osteoarthritic femoral head. The tissue was dipped briefly into a 5% solution (w/v) of polyvinyl alcohol (PVA) (Sigma; Poole, UK) and then chilled (-70'c) by precipitate immersion in cooled n-hexane (low in aromatic hydrocarbons grade, boiling range 67-7O'C) (BDH; Poole, UK). Cryostat sections (10 pm) of d i e d , undecalcified bone were cut on a modificd Bright cryostat (Bright Instrument; Huntingdon, UK) equipped with a finely polished tungsten-tipped steel knife (ARP; Cheshire, UK). The knife was further cooled to -70'C by packing its haft with dry ice. The temperature of the cryostat cabinet was kept below -25'C. The sections were picked off the knife onto TESPA (3-aminopropyl triethoxy silane) (Sigma)-coated glass slides. The in situ expression of TGFOl. IL@, and IL6 mRNA with corresponding negative controls (sense transcripts) was analyzed in serial sections of each osteophyte and surrounding tissue, starting at the tip of each outgrowth and proceeding downwards in the direction of the subchondral bone to disclose the various stages of maturation; 15 osteophytes were analyzed in five separate experiments. Corresponding sections for each experimental group were stained with a Wright's stain for histological examination.
RNA Probes. pGH TGFb27 (300 BP EcoR1-Hind 111 cDNA fragment ofthe human TGFB1 gene) and pGEM ILlp mRNA (300 BP EcoRI-PvuII cDNA fragment from the human ILlp gene) probes were gifts from Dr. A. Shaw (Glaxq Geneva, Switzerland). The IL6 mRNA probe (800 BP XhoI-XbaI cDNA fragment) was a generous gift from Dr. J. Brackenhoff (Amsterdam, the Netherlands); it was subcloned into pBluescript. RNA probes were labeled with the Boehringer-Mannheim SP6, T7 in vitro transcription kit with [35S]-thio CTF' (Lewes; East Sussex, UK). Typically, 500 ng of linear template was used, and yielded RNA transcripts with a specific activity in excess of lo8 cpmlpg. The template DNA was removed with 20 U of RNAse-free DNAx I. The unincorporated nucleotides were removed by separation on a spinning Sephadex G-50 column. The RNA probes were stored at -20°C before use. Sense transcripts (negative controls) were prepared by the same method and assessed to ensure that they were of the same specific activity. All probes were analyzed by vertical polyacrylamide gel electrophoresis to ensure that the majority of transcripts were of full length.
In Situ Hybridization. In situ hybridization was performed as previously described (31.32). The sections were fixed in 4% paraformaldehyde in PBS (Sigma), pH 7.2, for 5 min. washed in PBS, and finally air-dried. The sections could then be stored desiccated for up to 1 month at -2O'C.
After rehydration, the sections were treated with 0.1 M glycine-PBS (Sigma), rinsed, and demineralized in 0.25 M sodium citrate buffer (Sigma), pH 4.5, for 1 h. To decrease nonspecific binding of the RNA probes to structural proteins the sections were then pre-treated with proteinase K (Lewes) 1 pglml diluted in 0.1 M Xis, pH 8, 50 mM EDTA, pH 8 (Sigma) at 37% for 20 min. To maintain the cellular localization of the "A, the sections were subsequently re-fixed in 4% paraformaldehyde. After rehydration in PBS. the remaining proteins were acetylated with acetic anhydride (0.25% in 0.1 M triethanolamine) (Sigma). Finally, apre-hybridization step was performed in 50% deionized formamide (GIBCO-BRL, Paisley. Scotland, UK), 2 x SSC for 10 min.
The sections were pre-hybridized in a solution containing 50% formamide, 2 x SSC, 10% dextran sulfate (Sigma), 10 mM MT (Sigma), 10
Ulml RNAse inhibitor, 5 pglml tRNA, 1 x Denhardt's, and 200 pglml ssDNA (all from Promega; Madison, WI) in a humidified chamber for 3 hr at 42'C before the addition of the RNA probe. Approximately 3 ng of RNA probe with a specific activity of 1 x 10' cpmlpg was added to each section and hybridized overnight at 42'C. The slides were then washed in 4 x SSC at 37'C in a shaking waterbath four times for 15 min. followed by a 10-min wash in 10 mM Xis-HCI, 0.5 M NaCI, pH 8. The sections were then treated with 20 pglml RNAse A in 10 mM Tris-HCI, 0.5 M NaCI, pH 8, at 37'C for 30 min. to remove any non-hybridized single-stranded probe. More stringent washes (2 x SSC for 30 min at 37°C and 0.1 x SSC for 30 min at 37'C) were then per-formed to remove any residual nonspecific binding. Finally, the slides were dehydrated though a 70%, 80%, 95%, 100% ethanol series containing 300 mM ammonium acetate (Sigma) and air-dried. The slides were coated in Amersham LM-1 emulsion (Cardiff, UK) under a red safelight and exposed at 4°C for 2 weeks. The slides were developed with Ilford Phenisol developer (Essex, UK) and counterstained with methylene blue (Baxter Healthcare;
Glendale, CA) to highlight tissue morphology. The extent of the hybridization signal was assessed by the autoradiographic grain density over the cell.
Histological Staining. Serial sections were stained with an aqueous Romanowsky-Wright stain (Fast green in methanol, Eosin G, and Methylene blue/Azure A) (Baxter Healthcare). Briefly, the staining patterns in bone and cartilage tissue are as follows. Mineralized matrix remains unstained (white appearance), whereas the various unmineralized matrices stain as follows: fibrous connective tissue (pale pink), osteoid (dark pink), and mature cartilage (dark blue). Nuclei stain purple and the cytoplasm stains pink-weakly blue or dark blue (highly biosynthetic cell).
Alkaline Phosphatase Activity. Alkaline phosphatase activity was assayed in unfixed, undecalcified sections at pH 9.2 by the simultaneous naphthol phosphate method (34), with Fast Blue BB (Sigma), as the coupler. The reaction buffer [0.1 M Tris, 0.2 mg/ml Naphthol AS-MX phosphate (Sigma) initially dissolved in N,N-dimethylformamide (0.01 mllmg; Sigma) 1 mglml Fast Blue BB salt (Sigma)] was prepared immediately before staining and filtered. The sections were incubated for 2 min at room temperature. A blue precipitate denoted sites of alkaline phosphatase activity. The sections were not counterstained and were mounted in 90% glycerol (Sigma) and 10% PBS. Although the precise function of alkaline phosphatase in bone remains unknown (26). the cytochemical localization of alkaline phosphatase was used in this study to aid in the identification of osteoblast populations in developing human bone; these include the pre-osteoblasts within mesenchymal COM~CUW tissue and the marrow stroma.
Results

The Developing Osteophyte Model
A schematic representation of a cross-section of a typical osteophyte is shown in Figure 1 . The bony growth develops within mesenchymal connective tissue that has developed over the denuded bone surface of the osteoarthritic femoral head. The in situ expression of E F p l , IL6, and ILlp mRNA in the various tissues of the osteophyte is summarized in Eble 1. Photomicrographs are presented from three osteophytes at various stages of their development; the results presented from each of these osteophytes were representative of all the bones studied. When IL6 and E F P l expression was equivalent, an example of one is represented in at least one of the osteophytes; data not shown in are referred to in Table  1 . Sections hybridized with the corresponding sense probes (negative control) demonsuated no hybridization; representatives for each cytokine are presented. The cytochemical localization of alkaline phosphatase in serial sections helped to identdy osteoblast populations, including pre-osteoblasts within mesenchymal connective tissue and the marrow stroma.
Osteophyte-1: Histology of Ear4 Development
Osteophyte-1 (Figure 2A ) developed in loose connective tissue; the cartilage growth area was still developing and little endochondral bone formation was evident. In contrast, there was substantial intramembranous bone formation (Figure 2A , large arrowhead). Away from these two areas, woven bone was forming on the periphery of the cartilage.
Osteophyte-1: Cartilage h m a t i o n
The outermost layer of developing osteophytes consists of a band of cells that have differentiated from the mesenchymal connective tissue (Figure 2A ). Within areas of endochondral bone formation, these cells differentiate either into fibrocartilage cells or directly into chondroblasts. These cells expressed moderately low alkaline phosphatase activity compared with osteoblasts ( Figures 2B and  2E) ; mesenchymal cells demonstrated no alkaline phosphatase ac-
In tram em brano us tivity. Newly differentiated chondroblasts showed moderate levels of E F p l ( Figure 2C ) and weak U mRNA expression (not shown) but no expression of ILlp (not shown). Differentiated fibrocartilage cells and hypertrophic chondrocytes demonstrated no ILlB expression ( Figure ZD) and a distinct reduction in TGFpl mRNA expression ( Figure 2F ). Weak or no IL6 mRNA expression was demonstrated in chondrocytes (not shown). Chondrocytes within calcified cartilage demonstrated no =FBI, ILlp, or IL6 mRNA expression ( Figures 2D and 2F ).
Osteophyte-1: Endochondral Bone Formation
At the site of endochondral bone formation, ILlp mRNA expression was not observed within any osteoblast population ( Figure 2D ). E F p l mRNA expression was just detectable in the osteoblasts apposed to the calcified cartilage surfaces ( Figure 2F) ; in direct contrast, IL6 mRNA expression was weak or not detected (see later in Figure 4 ). Further remodeling of the calcified cartilage results in bony trabeculae rich in osteoblastic surfaces (high alkaline phosphatase activity; Figure 2E ). At these sites, osteoblastic TGFpl and IL6 mRNA expression was intense ( Figure 2F ). Populations of cells within the marrow had high alkaline phosphatase activity ( Figure  2E ) and demonstrated no IL1p ( Figure 2D 
Osteophyte-1: Intramembranous Bone Fomnation
At the outermost layer of the osteophyte, away from sites of progressive endochondral bone formation, mesenchymal cells develop directly into osteoblasts; osteoid (pale pink) containing encased osteocytes was laid down on the cartilage matrix (Figure 2A) . These osteoblasts were conspicuous by their high alkaline phosphatase activity ( Figure 2B ). The chondrocytes under these areas had no alkaline phosphatase activity and weak TGFpl and IL6 but no ILlp mRNA expression ( Figures 2B and 2C) . In contrast, the differentiating band of osteoblasts expressed high levels of E F g l ( Figure  2C ) and IL6 mRNA expression (not shown) but no ILlB mRNA expression. These observations are fully depicted later in Figures 4 and 5 from osteophyte-2.
Away from these sites, osteoblasts formed disorganized sheets of woven bone directly, with no cartilage stage preceding it ( Figure  2H ). The pre-osteoblasts and fully difkrentiated asteoblasts demonstrated strong alkaline phosphatase activity ( Figure 21 ). Osteoblasts laying down osteoid ( Figure 2H ) demonstrated the strongest E m 1 mRNA expression observed in this study (Figure 2K) . Primary osteoid osteocytes demonstrated the most intcnsc mRNA signd. However, only a small proportion ofthe 'Eml-expressing osteoblasts showed (weak) osteoblastic ILlb mRNA expression ( Figure   2J . arrowheads). Thus. further through this osteophyte blodc (Fig-UIC 3A) , no ILlb expression was observed in osteoblasts from an equivalent area (Figures 3B and 3C. arrows) . 'EWl expression was restricted to osteoblasts laying down bone; pre-osteoblasts (high alkaline phosphatase activity) showed no or very weak expression (Figurcs 2K and 3B) . In contrast. IL6 mRNA expression was observed in the pre-osteoblast population (FiguMs 3E and 3F) . Therefore. unlike 'Eml, IL6 mRNA expression was high in 211 bone-DODDS, MERRY, LIT1zEWOOD, GOWEN forming sites. However, apparently reduced TGFpl and IL6 mRNA expression was observed in the more flattened osteoblasts (quiescent surfaces; Figures 2K, 3B, and 3F ).
Osteophyte-2: Histology of Early Development
At the tip of osteophyte-2, calcified cartilage was divided into thin trabeculae, and early osteoblasts (low alkaline phosphatase and no osteoid formation) were present in the marrow and apposed to the matrix surfaces ( Figures 4A and 4B) . Woven bone was forming on the periphery of the cartilage matrix ( Figures 4A and 4B) . A thick band of alkaline phosphatase-positive cells was observed ( Figures  4A and 4B) representing: fully differentiated osteoblasts (and primary osteoid osteocytes) laying down osteoid (inner cells, large arrows) and pre-and newly differentiated osteoblasts (outer cells, arrowheads). The bone formation on the peripheral surface of the osteophyte contrasts with the initial phase of osteoblast activation within the recently eroded calclfied cartilage.
Osteophyte-2: Ear4 Osteoblast Activity Within
Calcified Cartilage
Osteoblasts within the marrow ( W i n e phosphatase positive; small arrows, Figure 4B ) demonstrated weak to moderate TGFPl and IL6 mRNA and no ILlp mRNA expression ( Figures 4C-4F) . In comparison, intense TGFpl expression and low IL6 expression were detected in osteoblasts directly apposed to the matrix trabeculae ( Figures 4C and 4F) . No osteoblast ILlp expression was detected ( Figure 4E ). Within osteoblasts forming woven bone on the peripheral cartilage (high alkaline phosphatase; Figures 4A and 4B) , intense E m 1 expression was detected ( Figure 4C , arrows); no ILlp expression was observed ( Figure 4E ). Pre-osteoblasts and newly differentiated osteoblasts (arrowheads) at the periphery of these active osteoblasts had hgh alkaline phosphatase activity but demonstrated lower TGFpl expression. In contrast, moderate IL6 mRNA expression ( Figure 4F , between arrows) was localized in all osteoblast populations. E F S l expression was lower in the remaining hypertrophic chondrocytes; IL6 expression was not detected.
Maturation of Osteophyte-2: 5abecular Bone Formation ana' Intramembranous Ossi3cation
Further through the block, osteophyte-2 was well developed, with extensive trabecular bone and organized intramembranous bone formation ( Figure SA) ; the growth was surrounded by connective tissue and fibrocartilage. Osteoblasts apposed to the trabecular bone surfaces (high alkaline phosphatase activity; Figures 5B and 5F ) expressed high levels of TGFp1 and IL6 expression but no ILlfi mRNA (Figures 5C-51) . Osteoblasts apposed to the residual peripheral cartilage had only laid down a minimal layer of osteoid, indicating that the osteoblasts had just commenced osteoid formation ( Figure SE) . The matrix at this site appeared to be a mixture of osteoid and abnormal cartilage (matrix staining pinklpurple instead of normal dark blue of cartilage was indicative of reduced proteoglycan content) and contained both osteoblast-like cells (alkaline phosphatase positive) and chondroblasts. These populations showed a clearer pattern of cytokine mRNA expression than described in Figure 4 . Thus, TGFpl expression was intensely localized in the fully differentiated osteoblasts (outside tip of latge arrow; Figure SG ), whereas IL6 expression ( Figure 5H ) was predominantly localized to the population of encased cells within the abnormal cartilage; weaker expression was observed in the osteoblasts commencing bone formation on the peripheral surface.
Osteophyte-3: "Intramembranous '' Bone Formation
Within the Marrow
Within areas of trabecular remodeling, collections of active osteoblasts (blue cytoplasm) were often observed laying down bone directly within the marrow. The cells were separated by a thin layer of osteoid, implying that the formation was recently activated. TGFpl and IL6 expression was extremely high in this population of osteoblasts (not shown); at these sites an intense ILlp "A hybridization signal was also observed ( Figure 6B ). However, the IL1p expression was observed in only three of the 15 osteophytes examined; at these sites, flatter osteoblasts associated with mineralized surfaces demonstrated weaker expression (arrowheads).
Lamellar Bone firmation
Within sections further through the osteophyte blocks, osteoblasts laying down lamellar bone ( Figure 6D , osteophyte-1) replaced the resorbed woven bone. E F p l and IL6 mRNA expression was present in plump active osteoblasts and, to a lesser extent, within flatter osteoblasts ( Figure 6E ; Tible 1); no osteoblastic ILlp mRNA expression was observed ( Figure 6F ). These being observed in all populations of osteoblasts; in some instances, however, there appeared to be a close association between differentiating osteoblasts and IL6 expression. IL1P expression was rarely observed in the developing osteophyte. When expression was observed within discrete populations of osteoblasts, these cells were large, plump cells actively secreting osteoid. In the 15 osteophytes studied, only three demonstrated ILlP expression within this osteoblast population.
Discussion
The results in this study demonstrate that ILI (3, IL6, and TGFPl " As are expressed during osteophyte development in a temporally and spatially regulated fashion. The cytokines were differentially expressed and each showed specific or overlapping localization patterns depending on the stage of the developmental process.
Particularly striking was the lack of ILl p mRNA expression during endochondral bone development; within the cartilage growth zone, no expression was observed in the chondroblasts, hypertrophic chondrocytes, osteoblasts, or osteocytes. In conmt, within distinct areas of intramembranous ossification, ILlp mRNA expression was noted ( Figures 2J and 6B) in osteoblasts that had a distinctive rectangular shape and intensely basophilic cytoplasm. This appeared to reflect an accumulation of osteoblasts at a particular site, which would be consistent with high proliferative activity. However, the expression was observed in only three out of the 15 osteophytes examined and was localized to areas of intense osteoblast activity. It is likely that IL1P expression is a transitory event in the process of osteoblast activation. The transient and restricted expression of ILlP suggests that it is under tight control and is consistent with its labile and active state on release from cells. Alternatively, it may reflect a particular pathological process occurring in these particular osteophytes. However, no abnormal histology was observed.
In contrast, IL6 mRNA expression was located within pre-osteoblast and newly differentiated populations, together with osteoblasts actively secreting osteoid; expression was lost in flattened, inactive osteoblasts. No or weak expression was observed in chondrogenic cells. IL6 is thought to play an important role in the early stages of both hematopoiesis and osteoclastogenesis (35) . In this study the pattern of IL6 expression within osteoblast populations that had differentiated from the mesenchymal connective tissue (including pre-osteoblasts) and formed bone on the cartilage outer surface of the osteophyte is of particular importance in light of its proposed role in promoting osteoclastogenesis during bone turnover (36) . The bone forms without any prior osteoclastic resorption and no immediate resorption occurs on this outer surface (28). Our results indicate a closer association between IL6 mRNA expression and the differentiation of mesenchymal cells into osteoblasts. Furthermore, the close relationship between chondroblast and osteoblast differentiation (28, 37) was clearly observed in distinct areas of the developing osteophyte. The possibility that under certain conditions chondroblasts can differentiate into osteoblasts and thus convert their matrix directly from cartilage to osteoid has been described in the developing chick embryo (37) . IL6 may play a role in this transition process in the developing osteophyte.
TGFP represents a family of related multifunctional peptides that are found in most cell types of the body; most cells also have receptors for TGFP TGFBl seems to be the predominant species and is the form strongly implicated in local control of bone remodeling, including control of the proliferation and expression of the differentiated phenotype of mesenchymal precursor cells, chondrocytes, osteoblasts, and osteoclasts (23, 24) . As in other tissues, TGFpl is a secreted protein, stored in the extracellular matrix in a latent form; its release and activation can be accomplished by changes in pH, including acidification and alkalinization, and the activation by proteases (6,38) . Results from both extraction and immunohistochemical analysis during endochondral ossification in the rat (25) indicated that 'IGFPl was tightly bound to the mineralized matrix of calcified cartilage and bone. However, it was not clear where the TGFPl present in the bone matrix is synthesized. Evidence suggests that osteoblasts and osteocytes are responsible (22, 24, 25) . However, TGFPl could be synthesized elsewhere (such as by the platelets), and subsequently incorporated via the circulation into the bone matrix (38). The expression of TGFPl mRNA in the developing osteophyte showed the most well-defined pattern of localization in this study. Mesenchymal cells and preosteoblasts demonstrated little or no expression; the intensity increased dramatically in osteoblasts secreting osteoid, and decreased in flatter osteoblasts apposed to mineralizing surfaces. Chondroblasts and chondrocytes expressed lower but significant levels of TGFPl "A;
the expression was lost with the progression to calcifying cartilage. This temporal expression of TGFpl mRNA during active matrix production is clear evidence that osteoblasts and chondrocytes are responsible for the incorporation of TGFPl into their extracellular matrix. It has been suggested that latent TGFPl derived from the bone matrix or produced as a consequence of the resorption process could be activated at the osteoclasts' ruffled border (acidic environment) during bone resorption and be made available to modulate bone formation by activated osteoblasts, and possibly inhibit continued resorption by osteoclasts at that site (38) .
Our previous studies have demonstrated a correlation between cytokine mRNA expression and protein synthesis (20, 21) by bone cells in vitro. However, immunolocalization studies in the tissue have been unsuccessful. This is most likely due to the relative insensitivity of the technique with the monoclonal antibodies available. We were therefore unable to demonstrate immunoreactivity of cytokine protein in studies that readily detected mRNA.
In conclusion, we have studied the expression of KIP, IL6, and TGFPl mRNA in osteogenic and chondrogenic cells in cryostat sections of developing adult human osteophyte with in situ hybridization. Although in situ experiments designate which cells synthesize mRNA transcripts for a given gene, they cannot determine if the mRNAs are translated into proteins; the relative amount of mRNA may not reflect similar amounts of protein. However, we have observed that these cytokines demonsuate discrete cell-specific pattems of expression at various stages of bone and cartilage development, which strongly suggests an important role of these cytokines in the regulation of ossification during endochondral and intramembranous bone development. Finally, we have also confirmed in vitro data showing production of these cytokines by osteoblasts in human osteoblast-like cells in culture (19) (20) (21) .
